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Background

Diagnostic testing is common during emergency department visits. Little is wudkeattout patient
preferences for such testing. We hypothesized that a patient’s willingn@sdergo diagnostic testing is

influenced by the potential benefit, risk, and personal cost.

Methods

We conducted aross sectional survey among emergency department patients foidiagtiogtin 2
hypothetical scenarios: chest pain (CP) and mild traumatic brain injury (mTBI). Each scenario defined specifi
risks, benefits, and,costs of testing. The odds of a participant desiring diagnostic testing weredakinigta

series of nestedsmultivariable logistic regression models.

Results
Participants opted.for.diagnostic testing 68.2% of the time, including 69.7% of CP.&fd d&all mTBI

scenarios. In the'ehest pain scenario, 81% of participants desired free testing versus 59% when it was assoc
with a $100 copay (difference: 22%; 95% CI 16 - 28%). Similarly, in the mTBI scenario, 7&dalof

participants desired fraesting versus 56% when charged a $100 copayment (difference 17%; 95% CI 11 -
24%). Benefit and risk had mixed effects across the scenarios. In fully adjustdd, rtfelassociation between
cost and desire for testing persisted in the CP (OR 0.33; 95% CI 0.23 - 0.47) and adult mTBI (OR%.47;

0.33 -0.67) scenaries:

Conclusions
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In this emergency department based study, patient preferences for diagnostic testing differed significantly
across levels of risk, benefit, and cost of diagnostic testing.wzssthe strongest and most consistent factor

associated with decreased desire for testing.

Introduction

The emergency department has emeageafocal point for rapid acceds advanced diagnostic testing and
hospital admission=C€urrently, given the pervasive nature of diagnostic testieglical carethere is

increasing interest.in.reducing “levalue” testing: Global definitions ofdw value testing tend to be subjective
and difficult to'apply to complex health systems. In addition, evidence based diagrstistiptiay allow for

the best care at a population lewat may not be optimal for individual patients. Given this, takintepa

preferences into'account may help to better tailor care for indivifluals.

Health insurance has been evolving in the U.S. with numerous recentgi@mmyesin general, patientsre
beingaskedto pay.aJdarger proportion of their health capsts Increasingly, clinicians are encouraged to
involve patients in.discussions regarding the value of health care options. Shaseuhdeaking potentially

allows patient values, goals and prefereriodsereflected in the decision to agree to a diagnostic test.

Currently,these discussions are challenging as the costs and benefits of tests are often difficult to define or e

estimate®

The current investigatioaims to estimate the individual level traolés between the benefits, risks, and cost of
a diagnostic testithin hypothetical acute medical conditions comma#@gn in an emergency departméie
hypothesized that a patient’s willingness to undergo a diagnostis éssiociated with different levels of

potential benefitirisk, and the oot-pocket cost of this test.

M ethods

Overview
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This is a crossectional survey of the effect of varying levels of risk, benefit, and cost of diagtessing on
the probability ofagreeingo pursue testing in two hypothetical clinical scenarios among paaliigints in the

University of Michigan Emergency Department (ED).

Study design

Participants were presented with two hypothetical clinical scenarios, in random order, in whipregent to
the ED with either lowrisk chest pain (CP) or minor traumatic brain injury (mTBI). A subset of the mTBI
respondents with children under the age of 18 were given a similar scenario in winichiltievas the patient
(mTBI-child) instead of themselves (mT&dult).

Participants responded to both clinical scenarios and were randomly agsigoedarios thatescribed that

risk as 0.1% or 1%;@abenefit of 0.1% or 1%; and a cost of $0 or $100 for the diagnoiit eéiht
combinations were givein eachbenefit and risk could be equal or unequal. Different combinations of benefit,
risk and cost could bejpresented to one individual for the chest pain and mTBI sc@hasesvalues were
chosen to maximize the sensitivity of the study to detect diffesengaatient preferences based on a
preliminary study performed by the authothere we believed #most interesting zone efhriation in patients
desire fordiagnosticrtesting was for risk and benefit levels of 0.1% and 1% and cost levels of $0 ahd $100.
Additionally, risk values of 0.1% and 1% were felt to repr@ a realistic chance of developing cancer from
diagnostic testing.with radiationn order to improve participants’ incorporation of nurnativalues into their
decision-makingypatients were presented With textual and graphical representatioere risk and benefit
values were presented as a ratio and percentage, as well agpgthgraph representing values of 1 in 100 and

1 in 1000° No graphical representation of money was employed.

A structured survey was then administered in which ppaints were asked to decide if they would pursue
diagnostic testing. given different levels of risk (the development of canitten ven years due to ionizing
radiation from the.test), benefit (the chance of having an accurate diagnosis of diseasg reqdical
intervention), ands=cost (an additional tepecific copay) associated with the diagnostic #sbr to launch, we
used this survey i a prior, online only stfdp. addition, we pilot tested the questions amongst adults
associated with the study teahine survey was read aloud to all patients to redogerasunderstandings
caused by difficulties with reading or seeifitpe full transcript of the scenarios and survey is available in the

onlinesupplementary material

Setting and Participants
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A convenience sample of adult patients who presented to the University of Mi&tgadmring daytime hours
in June, July and August 2015 were recruited in the study until 900 completed surveys were .dehterds
presenting with chest pain or recenatiénjury were not recruited so as to not interfere with their clinical
course. Additionally, patients who were under contact precautions or in resmisditats were not approached.

No compensation was offered for completion and participation was completely vepluntar

Variables: Data Sour ces and M easurement

The primary outcome was the number of patients edsiredthe diagnostic test in each of the two hypothetical
scenarios. Risk, benefit, and cost of diagnostic testing were the main prediagtdegaiPotential confounders
included age, gender,race, ethnicity, marital status, highest level of educatioholdbusmme, if they were a
medical professional, as well as past medical history of cancer, hypertension, diabetes, atrial fibrillation, and
myocardial infarction, and setéported overall healthWe used a standardized data collection form through

Quialtrics (online'supplement reference).

Statistical Analysis

Study size

We surveyed 900"patients to ensure that we had at least 100 paiieim®ach of the eight study arms (from

the 2X2X2 study=arm with two levels of the three key factors: risk, benefit, andosBach of the major
comparisons (i.e=€ost $0 versus $100), a total sample size of 900 provided approximately 868 gxact

a change in the proportion choosing a test from 50% to 60% with an alpha of 0.05. In addition, to ensure that
our logistic regression model was not oparameterized, we limited the fully adjusted model to 30 variables
based on a predieted300 outcome events (given a 33% event rate from our prior work and 900nstiigects
current study) andwaccording to the guideline of 10 events per predictor for constofidtigistic regression
models*’ We did'not have a formal main statistical hypothesis and did not havespqmiéed belief regarding

the relative importance of risk, benefit, and cost.

Analysis

All administered surveys in which the primary outcome was completed were andljeaghaglisted

proportion of respondents who desired diagnostic testing for each level of risk, benefistandre compared

for the CP and mTBI scenaridsor proportions and differences in proportions, 95% confidence intervals were
calculated using the normal approximatiérseries of nested multivariable logistic regression models were
then fit to predict the adjusted odds of desiring diagnostic testing for the CP &i¢ceharios\We present

odds ratios along with 95% confidence intervals for the predictors in the médaetonsidered three sets of
variables to adjust for in the models, first simply looking at cost, risk andibenafsingle model; second

This article is protected by copyright. All rights reserved



119  adding in demographic factors; and third adding in variables regarding personal expertariealth caraVe
120  specified all of these sets of variables in advance based on our belief on pobefdahders from the

121 perspective of clinical expenee and scientific plausibilittModel 1provided estimatefor the cost, benefit,
122 and risk of testing simultaneousModel 2included everything from Model 1, afatther adjusted for

123 demographic variables including age, gender, race, ethnicity, marital statoatien, and income. Model 3
124  included everything fram Model 2, afarther adjusted for variables associated wigfagicipant'sexperience
125  with health care decisiomaking, including working in the medical or health field, personal historgrofer,
126 high blood pressureydiabetes, atrial fibrillatiandmyocardial infarction, as well as sedported overall

127  health status. A subgroup analysis of respondents who were asked to decide about diagingstic tegir
128  child versus themselveis the mTBI scenariavas conducted using the same statistical technidsethis was

129  an exploratory, observational study, no adjustments for multiple comparisons were made.

130

131  Results

132

133  Among the 928 patients who met inclusion criteria and were administered thg, @& weere excluded for
134  failure to complete the primary outcome portion of the survey. Results frorartfagning 900 patients were
135 included in the study and analysifie mean participant age was 45D 17.0). Additional participant

136  characteristis reflectsthe demographics of a large suburban ED (Table 1).

137  Overall, participants elected to have diagnostic testing 68.2% of the timelingeb9.7% of CP and 66.7% of
138 all mTBI scenarios. In the unadjusted analysis (Table 2), increased cost and decreased benefit of testing wer
139  associated with decreased desire for diagnostic testing among adults respontieggeives in both CP and
140 mTBI scenarios, though this did not reach significance for test benefit in tBeadtlt scenario. For example,
141  desied testing fell{from 80.8% to 58.7% in the chest pain scenario when comparingtieres $100 testing
142  situations; the ahsolute difference in proportions was 22% (95% CI 16.1 to 27.7%)aamsiagnitude drop of
143 17.4% (95% CI 10.5 ta 24%) was obseahwe the mTBtadult scenarioT he risk of diagnostic testing was not
144  associated with desire.for testing in either the CP or raBilt scenarios. Among mTBI scenarios, parents
145  were significantly.more likely to desire testing for their children than theseit almost all levels of risk,

146  benefit, and cost.Fhis difference was most pronounced foehaisttesting which was desired 30.2% (95%
147  CIl 17.8%-38.6%) more ofteior their childrenthan forthemselvesand least pronounced for free testing, which
148  was the only instance where parents’ desire for testitigeafchildren was not significantly higher than for

149  themselves (differenc@2%; 95% CI -3.4% to 17.1%). Furthermore, parents’ desire for diagnostic testing of

150 their children was not significantly associated with risk, benefit, or cost.
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The pattern of desire for diagnostic testing in the adjusted regression modsimikasto the unadjusted

analysis, with increased cost and decreased benefit being associated with decreased desire for diagnostic te
among adults responding for themselves. Furthermore, there were no substardies an#tme odds of the

primary outcome after fully adjusting for demographics and experience witlcahddcisions (Table 3),
suggesting that the relationship between desire for diagnostic testing and this leslefj and cost of testing

are not confounded these variables.

In the fully adjusted model§able 3) the odds of an adult desiring diagnostic testing ifordr herself are
lower when testing costs $100 compared to $0; for both chest pain: adjusted oddg0B)i0.33 (95% CI

0.23 t0 0.47) and adult mTBAOR 0.47(95% CI 0.33 to 0.67). In additiome observed higher odds of desired
testingwhen the benefit of testing increased from 0.1% to 1.0% for the CP sceA®R4.67 (95% CI 1.18 —
2.35). This did not reach significance for test benefit in the ma@ult scenario.

The fully adjusted*models of desire for testing in each clinical scenario (eTadjeefnonstrated that patients
over the age of 65 aresignificantly less likely to desire testing for CP compared to patients less than 35 years
old (AOR 0.49; 95% CI 0.25 — 0.94). College graduates are the most likely to desire testing fd? bath C

mTBI, and more than twice as likely than those with some high school education (AOR 2.12| 9%

4.21). Participants'who earned less than $25,000 per year were significantly lggs liedire testing for CP

(but not mTBI) than“almost all othercome brackets, even after controlling for cost. Physicians, pharmacists
and nurses are significantly less likely to desire diagnostic testing for themselves when compared to non
medical professionals amdherancillary medical staff when presented wite mTBFadult scenario but not the

CPor the mTBI¢hild scenarios

Discussion

This study evaluatedsthe relationship between risk, benefit, and cost of diatgsisig on patient preferences
for pursuing low=valte testing the ED. In this cross-sectional convenience samiteinal that the cost and
potential benefits of a'radiologic diagnostic test play an important role in {gapeeferences for pursuing
diagnostic testing. Interestingly, the risk of the test was not significasihciased with the odds of pursuing
testing. This work is hypothesis generatilere are sompotential implications of payers and patients. An
additional $100 patient required contribution to the testing tended to decreaseadasstrfy from about 80%
to about 60%. In addition, the implication for practicing emergency physicians is assfeliogveasing the

risk of a diagnostic test did not seem to diminish the patient desire for the test therefore disegasiimy
testing that involve risk may not influence patient desires, at least in thErddability space of testing risk of

1% andess.
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One explanation for why risk was not a significant factor could be that the diffdretveeen 0.1% to 1%
represents an insignificant increase in risk to our respondents. However, this same increase in benefit did sh
a significant effect. Anothgrossibility is that patients care more about their immediate needs, such as the
chance of finding an underlying condition and how much it will cost them, and less aboutitbeifik of
developing cancer. Additionally, many patients may associate fleseds and heart disease, but not necessarily
cancer, with definite orimmediate mortality and morbidity. They may view the presented scenario as a choice
between the immediate risk of certain death or disability against the possibility of a treatabdeirilthe

distant future.

Interestingly, patients appear to hold different values regarding diagrestingtfor their children than they
hold for themselves. Those who were presented with the mTBI scenario fohiltepursued diagnostic
testing more frequently than for themselves regardless of the level of beslefiby cost. While this study
lacked the statistical power to draw major conclusions about the pediatric scenario, further research may
uncover interestingresults about how parents make healthcare decisions fdhilthein as opposed to for

themselves.

These relationships_of benefit, risk, and cost were not affected by any confounding Featteves mmeasured.

There were howeversome subgroups which behaved slightly differently, but these didatahafbverall

results (&ables 14).'Notably, healthcare providedssired testing less often for th& Bl scenario but not the
chest pain scenario. This is likely explained by the decreased prevalence ahtregoanial bleeding in Bl

patients with a_benign exanemus a reasonably high prevalence of coronary artery disease in the population o
patients withchest pain. Another interesting outlier is the lowest income group (less than®2&0ighwas

the only income subgroupatgenerally declinetesing, even when they were told it would be free to them.

This study was net'designed to evaluate subtleties between demographic groups bunterssting finding

nonetheless.

Increasing the_cost of the diagnostic test from $0 to $100 was associated with a 8riddett odds of

pursuing diagnestiestesting. This implies that the cost of care is a mefjor fatients consider, and may be
used to discourage low-value testing throtegtspecificcopayments, although thisay also discourage
reasonable testing as well. Medicare reimbursements are increasingly becoming tied to patient satisfaction
which is associated with patients receiving the tests they believe thelfaather investigations could

explore whether individudinancial incentives prevemow-risk patients from seeking wasteful testing to the

same degree as charging patients a fee for the test.

There are a few key limitations to consider when interpreting the results otidyr Birst, this study asked

participants to imagine a hypotiw situation that is subject to limitations of imagination. It is likely more
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difficult for patients to consider the distant risk of developing cancenvalso contemplating a potential
myocardial infarction or brain hemorrhagdis reflects the welknown human behavior of time discounting.
Second, respondents may have had difficulty fully embracing the risks and benefitsréhgiven to them,
largely since they had difficulty believing their own réild comorbidities and risk factors were proger
accounted for in the scenario despite the design emphasizing they were. As an example, some patients on
anticoagulation have been instructed to always get a head CT scan if they fall and they may have been assig
to the 0.1% risk categeory in our study. Third, many patients may also have struggledengteting
percentages, despite‘thesuse of visual aids. Fourth, this study limits the riglstoticetihe probability of
developing cancer in the future secondary to radiation and this is an ovéisatiph of a very complex issue

In reality, the risks, of. diagnostic tests are highly variable, and assessing their numerical risk is challenging. Tl
scenarios we utilized were emergent situations, and they helped expose patients’ underlying vedigsg rega
the risks, benefits, and costs of diagnostic testing. While these findings coulktittadly be generalized to

other situations of risk, benefit, and cost, our study was specifically redttactow-benefit and lowisk

situations regarding diagstic radiologic testing in the emergency department. The above relationships may
vary significantly in=different contexts or at different levels of bengfik, and cost. Next, the mTBI-child

group was under=powered to demonstrate any associations between risk, benefit, and destreitor
diagnostic testing. Fifth, we did not assess numeracy using a validated scaleghdtussd pictographsa—
method considered to be one of the best methods of communication for those with lowcydih&irih, the
patient was not experiencing the acuteartainty and potential anxiety of chest pain or a head injury and as
such willingness to.undergo testing may be differemtally, this study did not utilize a true shared decision
making model where the physician and the patient discuss the riskersfdsand then make a choice
together. Ratherythissstudy assumed the physician could calculate the risk arntduin®®0% accuracy and
then forced the patient to decide on their own in essentially a reverse patermaldel. Future work could
consider adding in provider uncertainty regarding benefits and risks possibly by adding(irantyesur risk of

a brain bleed is between 1 in 1000 and 1 in 10,000”) with pictographic supporting materials.

Conclusions

This crosssectionakurveysuggests that patient preferences for diagnostic testing differ based ort tredcos
benefits of testing, butithat lorigrm risks may play a smaller role. Additionally, finances seemed to be a major
motivating factor for patients @voidtesting With patientshaving a growing personal contribution to
healthcarethisimpact should be studied further to determine how best to implement financialeratisns to

alter testing behavioil his study utilized a copay to ‘penalize’ for the test, however, a credit for fagetiu

test similar to a safe driver discount wouldamenterestingdirection for future research
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283 Table 1: Characteristics of survey participani$=9000)
284

Characteristic No. (%)
Age, years (n=898)
<=35 271 (30.2)
35-49 226 (25.2)
50- 64 258 (28.7)
>= 65 143 (15.9)
Male (n=897) 449 (50.1)
Race (n=892)
Caucasian 663 (74.3)
African American 150 (16.8)
Asian 46 (5.2)
Other 33 (3.7)
Hispanic (n=890) 46 (5.2)
Marital Status (n=895)
Married 429 (47.9)
Single/never married 294 (32.9)
Previously married 172 (19.2)
Have children under 18 267 (29.7)
Highest level of Education (n=892)
Some high school 79 (8.9)
High school graduate 184 (20.6)
Some college 266 (29.8)
College graduate 252 (28.3)
Postgraduate 111 (12.4)
Household income level (n=756)
Less than $25,000 267 (35.3)
$25,000- 49,999 171 (22.6)
$50,000- 74,999 113 (15)
$75,000- 99,999 62 (8.2)
$100,000- 149,000 91 (12)
$150,000 or more 52 (6.9)
Healthcareprofessional (n=893)
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285
286
287
288

289
290

No 659 (73.8)
Practitioner 72 (8.1)
Ancillary staff (not directly involved
in clinical decision making) 162 (18.1)
Past medical history
History of cancer (n=895) 162 (18.1)
History of diabeteS (n=894) 167(18.7)
History of hypertensiony(n=894) 298 (33.3)
History of atrial fibrillation (n=894) 64 (7.2)
History of heartrattack«(n=894) 47 (5.3)
Overall health (n=893)
Poor 112 (12.5)
Fair 224 (25.1)
Good 298 (33.4)
Very good 203 (22.7)
Excellent 56 (6.3)

Table 2: Testing preferencescrossvaryinglevels of risk, benefit, and cofsir each scenario

CP (n=900)

Namber desiring testing /
Number randomized to

group (%)

mTBl-adult (n=775)

Number desiring testing /
Number randomized to

group (%)

mTBI-child (n=125)

Number desiring testing
Number randomized to

group (%)

Difference between
percent desiring testing
amongmTBI-child and
mTBIl-adult(95% CI)

Risk
0.1%
1%
Diff. (95% ClI)

319/453 (70.4)
308/447 (68.9)
-1.5%.£7.5% to 4.5%)

249/380(65.5)
247/395 (62.5)
-3.0% €9.7% to 3.8%)

63/72 (87.5)
41/53 (77.4)
-10.1% €24.3% to 3.1%)

22.0% (11.3% to 29.6%
14.8% (1.1% to 25.2%)

Benefit
0.1%
1%
Diff. (95% CI)

291/448 (65.0)
336/452 (74.3)
+9.4%(3.4% to 15.3%)

228/375 (60.8)
268/400 (67.0)
+6.2% (0.6% to 12.9%)

59/72 (81.9)
45/53 (84.9)
+3.0% ¢11.0% to 15.7%)

21.1% (9.7% to 29.9%)
17.9% (5.2% to 26.6%)

Cost
$0
$100
Diff. (95% ClI)

361/447 (80.8)
266/453 (58.7)
-22.0% ¢27.7% to-16.1%)

275/377 (72.9)
221/398 (55.5)
-17.4% ¢24.1% to-10.5%)

56/69 (81.2)
48/56 (85.7)
+4.6% (€9.1% to 18.3%)

8.2% (3.4% to 17.1%)
30.2% (17.8% to 38.6%
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294
295
296
297
298

299
300

301
302
303
304
305
306
307
308

Total

627/900 (69.7)

496/775 (64.0)

Table 2caption: Proportions are unadjusted. Abbreviations: CP = chestrp@Bl = mild traumatic brain injury, diff = difference) C

= confidence interval.

Table 3: Associations between testing risk, benefit and: dogtstic regression models

Model 1
AOR (95% ClI)

Model 2
AOR (95% CI)

Model 3
AOR (95% CI)

CP (n=900)
Risk (1% v. 0.1%)
Benefit (1% v. 0.1%)
Cost ($100 v. $0)

1.01 (0.75, 1.36)
1.55 (1.15, 2.08)
0.34 (0.25, 0.46)

0.99 (0.71, 1.39)
1.63 (1.16, 2.29)
0.34 (0.24, 0.48)

0.98 (0.70, 1.38)
1.67 (1.18, 2.35)
0.33(0.23, 0.47)

mTBlI all (n=900)
Risk (1% v. 0.1%)
Benefit (1% v. 0.1%)
Cost ($100 v. $0)

0.80 (0.60, 1.06)
1.30 (0.98, 1.73)
0.50 (0.37, 0.66)

0.82 (0.60, 1.13)
1.24 (0.90, 1.71)
0.53 (0.39, 0.73)

0.82 (0.60, 1.14)
1.27 (0.92, 1.76)
0.50 (0.36, 0.69)

mTBI adult (n=775)
Risk (1% v. 0.19)
Benefit (1% v. 0.1%)
Cost ($100 v. $0)

0.86 (0.64, 1.16)
1.35 (0.999, 1.82
0.46 (0.34, 0.62)

0.87 (0.62, 1.21)
1.26 (0.90, 1.77)
0.50 (0.36, 0.71)

0.86 (0.61, 1.20)
1.28 (0.9011.80)
0.47 (0.33, 0.67)

mTBI child (n=125)
Risk (1% v. 0.1%)
Benefit (1% v. 0.1%)
Cost ($100 v. $0)

0.48 (0.19, 1.26)
1.08 (0.40, 2.94)
1.42 (0.52, 3.85)

0.51 (0.12, 2.16)
0.73 (0.16, 3.44)
1.09 (0.26, 4.49)

1.75 (0.19, 16.53)
1.02(0.07, 16.00)
2.19 (0.20, 23.42

104/125 (83.2)

Table 3 Caption: Nested logistic regression models of the odds of electingnd&ig testing among emergency department patients
presented with hypotheticalinical scenarios of chest pain and minor traucitain injury Model 1 accounts only for risk, benefit

and cost simultaneously. Model 2 adds demographic variables imglage, gender, race, ethnicity, marital status, educainoh
income. Model 3 aditionally:includes working in the medical or health field, perstigtbry of cancer, high blood pressure, diabetes,
atrial fibrillation, and myocardial infarction, agll as seHreported overall health status. Abbreviations: G#hest pain, mTBI =

mild traumatic brain injuryAOR =adjustedbdds ratio, Cl = confidence interval.
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